###### Strengths and limitations of this study

-   To the best of our knowledge, this is the first network meta-analysis protocol to study the comparative effectiveness of pharmacological and non-pharmacological therapies for migraine prophylaxis using a new frequentist method.

-   The results of this systematic review will help clinicians and migraine patients to choose suitable treatment options.

-   Owing to the difficulty of locating all the effective interventions for migraine prophylaxis, which may be one of the major limitations of this meta-analysis, we will comprehensively review the guidelines for the recommended interventions.

Introduction {#s1}
============

Migraine is a primary headache with a high prevalence in the global population. About 6% of the males and 16% of the females in the USA and England reported experience of migraine attacks.[@R1] Lower prevalence was found in Hong Kong, Taiwan and Mainland China, but it still reaches 4.7%, 9.1% and 9.3%, respectively.[@R4] Both episodic and chronic migraine headaches are associated with lower work productivity[@R7] and lower quality of life, thus leading to lower incomes and society status, as well as worse emotional status.[@R8]

Prophylactic treatments are necessary if the migraine attacks affect the quality of life of a patient.[@R9] Pharmacological treatments are the primary choice by many migraine patients, since they are convenient and effective. Systematic reviews and guidelines recommended several pharmacological treatments for migraine prophylaxis, such as antiepileptic drugs (AEDs).[@R10] The use of topiramate, a kind of AED, at a daily dose of 50 mg demonstrated a favourable effect in reducing the migraine days.[@R13] However, many patients reported intolerance of the prophylactic drugs because of side effects.[@R12] Some patients reported a tolerance to the beneficial effects of prophylactic drugs for migraine treatment, also after a continuous drug treatment.[@R14] So these patients turned to seek non-pharmacological treatments. Recently, non-pharmacological treatment for migraine prophylaxis are promisingly developed, like acupuncture, cognitive therapy, etc. Several randomised controlled trials (RCTs) and systematic reviews confirmed the effectiveness of some non-pharmacological treatments.[@R15] If we take acupuncture as an example, a total of 12 sessions of acupuncture will reduce at least half of the migraine attacks in 51% of the patients with moderate or severe migraine headaches.[@R19] A clinical question was raised: which prophylactic treatment is the best choice for migraine patients--pharmaceuticals or non-pharmacological treatments? Another question would be whether different types of pharmaceuticals vary in their effectiveness, and the same question would also be considered for the non-pharmacological treatments. However, these questions were not fully answered, although recently two network meta-analyses were conducted to answer one of the above questions.[@R10] [@R18] Providing direct and indirect evidence (the comparative effectiveness) is meaningful for helping the patients and clinicians to make their choice of the best prophylactic treatment. Therefore, we will conduct an umbrella systematic review and network meta-analysis to answer the following questions: (1) Which is the best treatment for reducing the number of migraine attacks in all the treatments? (2) Which treatment would yield the lowest proportion of patients with adverse events?

Methods {#s2}
=======

Study design {#s2a}
------------

Considering the large number of pharmacological and non-pharmacological therapies for migraine prophylaxis and the availability of numerous systematic reviews that examined the efficacy of these interventions, we will conduct an umbrella systematic review to identify eligible RCTs.[@R20] In brief, we will perform a search for all interventional systematic reviews that examined the effectiveness of any treatments for migraine prophylaxis. Then we will exclude the interventions that are not recommended for migraine prophylaxis in the guidelines, to ensure that the interventions included in our network meta-analysis will all be positive comparators, since a superiority over a non-effective intervention is meaningless and misleading. We will screen RCTs from the available systematic reviews and extract information from the RCTs to run a network meta-analysis. This review has been registered at PROSPERO (ID: CRD42015015297). The procedure of this review is shown in [figure 1](#BMJOPEN2015007594F1){ref-type="fig"}.

![Flow chart of the systematic review (RCTs, randomised controlled trials).](bmjopen2015007594f01){#BMJOPEN2015007594F1}

Search strategy {#s2b}
---------------

We will search the electronic databases MEDLINE, EMBASE and the Cochrane library for systematic reviews from inception to 2014, which examine the effectiveness of the pharmacological and non-pharmacological interventions for migraine prophylaxis. If multiple systematic reviews on the same topic (examining the same intervention for migraine prophylaxis) are found, we will use the latest version of the reviews. The interventions that we intend to include should be recommended in the guidelines that are developed by the American Academy of Neurology, the National Institute for Health and Care Excellence (NICE), the Scottish Intercollegiate Guidelines Network (SIGN) and the Canadian Headache Society.[@R9] [@R21] The level of recommendation for the interventions should be moderate or high. The databases will be searched from 2005 to date. To ensure that the most recent trials will be included, we will also search RCTs testing interventions for migraine prophylaxis in the databases in the year 2014. An experienced librarian will help to develop a search strategy to find out systematic reviews that examined the effectiveness of the recommended interventions. A combination of terms of Medical Subject Headings (MeSH) and keywords will be used in the search strategy. MeSH and keywords contain 'migraine', 'systematic review' and synonymous words. A detailed search strategy is provided in [table 1](#BMJOPEN2015007594TB1){ref-type="table"}. Language restrictions will not be used in this review.

###### 

Search strategy for MEDLINE and EMBASE via the OVID database

  ---- -----------------------------------
  1    exp migraine
  2    limit 1 to meta analysis
  3    systematic review.mp.
  4    1 and 3
  5    2 or 4
  6    Meta analysis
  7    systematic review.mp.
  8    1 and (6 or 7)
  9    4 or 8
  10   remove duplicates from 9
  11   limit 10 to (editorial or letter)
  12   10 not 11
  13   limit 12 to yr=\"2005--2014"
  ---- -----------------------------------

Identification of the studies {#s2c}
-----------------------------

After a search for the systematic reviews, two independent reviewers (HZ and MC) will independently review the titles and abstracts for possible candidates, which will be searched and downloaded for full-text copies for further evaluation. They will also examine the full-text copies and extract the included RCTs in the reviews into a data set. Duplicate RCTs will be excluded in the data set. We will screen and include RCTs that examine the efficacy of the interventions that are listed in [table 2](#BMJOPEN2015007594TB2){ref-type="table"}. These interventions are selected according to the aforementioned guidelines. For pharmacological treatments, we will include the trials using a dose recommended by the guidelines or a higher dose, to ensure that we include the positive comparators. If several doses of a pharmacological intervention are studied in one trial, we will include the arm with a recommended dose or a higher one. For non-pharmacological treatments, we will include trials that used the above pharmacological treatments as positive controls, and trials that used placebo pills or sham interventions as placebo controls. The RCTs that compare different types of non-pharmacological treatments without a positive comparator or placebo or sham intervention arm as control will be excluded. Those that included episodic or chronic migraine patients will be included in our systematic review. No language restrictions will be applied. The outcomes of the RCTs should include the assessment of the migraine attack frequency. If there are disagreements between the two reviewers, all the authors will discuss and solve the problems.

###### 

Recommended interventions by the guidelines for migraine prophylaxis\*

  Interventions                                          Minimum effective dose or treatment period, mg/day
  ------------------------------------------------------ ----------------------------------------------------
  *Pharmacological interventions*                        
  Antiepileptics                                         
   Gabapentin                                            900
   Topiramate                                            100
  Antidepressants                                        
   Amitriptyline                                         10
   Nortriptyline                                         10
  Antihypertensives and other calcium channel blockers   
   Propranolol                                           80
   Metoprolol                                            100
   Nadolol                                               80
   Flunarizine                                           10
   Candesartan                                           16
  Vitamins/minerals/herbals                              
   Riboflavin                                            400
   Coenzyme Q10                                          300
   Magnesium                                             600
   Butterbur (Petasites hybridus root extract)           150
  Serotonin Antagonists                                  
   Pizotifen (pizotyline)                                
  *Non-pharmacological interventions*                    
  Acupuncture                                            --
  Relaxation training                                    --
  Biofeedback                                            --
  Cognitive--behavioural therapy                         --

\*The recommended dose or treatment period was defined according to the guidelines developed by the American academy of neurology, the National Institute for Health and Care Excellence, the Scottish Intercollegiate Guidelines Network and the Canadian Headache Society. There is no standard reference for defining the minimum effective treatment period of the non-pharmacological interventions.

Data extraction {#s2d}
---------------

After identification of the target RCTs, two independent reviewers (JL and QC) will extract the necessary information from the included RCTs using a standard form. The form will be developed by a consensus of all the reviewers, which covers the following domains. First, we will extract the general information of the included RCTs for country, number of centres, publication source, number of participants, design (parallel/crossover), number of arms, allocation ratio, main results and conclusions. Second, we will extract characteristics of the migraine patients in the RCTs, including age, sex, duration of experience of migraine attack, and a subclassification of migraine types; if possible, we will also extract information on body mass index, use of alcohol and preventive medication during the past 3 months. Third, we will extract details of the interventions in the RCTs, which include the interventions in the experimental and control groups. For the pharmacological interventions, we will record the drug category (eg, AEDs), chemical name of the drug, dose, way of administration (eg, oral, muscular injection), the whole treatment period and the compliance of the interventions. For the non-pharmacological interventions, we will record the name of the intervention (eg, acupuncture), years of experience of the practitioners, the total number of all treatment sessions, the lasting time for each session, accompanied treatments and the overall treatment period. Fourth, we will extract the information of the outcomes. We will record the primary and secondary outcomes, measurement time points, use of headache diaries and the proportion of adverse events.

Outcome assessment {#s2e}
------------------

The primary aim of this study is to evaluate the recommended treatments in the guidelines for reducing the mean headache frequency in a month. Therefore, we will consider the number of days of migraine attacks or the number of migraine attacks in a month (or in a 4-week period) as the primary outcome. The primary outcome will be defined according to the International Headache Society (IHS) guideline. According to a previous review of migraine prophylaxis, the primary outcome assessed at 3--4 months after randomisation is considered as the most appropriate time point for effectiveness assessment. So we will include data of the primary outcome collected during 3--4 months after randomisation. If the included trials assess the primary outcome outside the time range, we will select the time point near 3--4 months after randomisation. The primary outcome assessed at the other time points will be analysed in the secondary analysis as the supporting evidence. The secondary outcome will be the proportion of the responders. The responder will be defined according to the IHS guideline, which refers to a participant with a ≥50% improvement in migraine attacks or a ≥50% reduction in number of migraine days, compared with baseline values. If the included RCTs assessed the proportion of responders at different time points, we will also select the time point at or near 3--4 months after randomisation. After the two independent reviewers (MC and QC) extract the information from the included RCTs, a third reviewer (JF) will check the completeness and correctness of the extracted data of the outcome assessment, to ensure an accurate result of this study.

Risk of bias assessment {#s2f}
-----------------------

We will choose the Cochrane Collaboration\'s risk of bias tool to evaluate the methodological quality of RCTs. The risk of bias tool consists of six domains: sequence generation, allocation concealment, blinding, incomplete data, selective reporting and other bias. Two independent reviewers (MC and QC) will independently evaluate the quality of RCTs. Sequence generation will be considered as adequate if central randomisation or tables of random numbers are used. Allocation concealment will be considered as adequate if central randomisation or sealed envelopes are used. We will consider blinding as adequate if participants, outcome assessors and statisticians are blinded from the group assignment. The other domains will be assessed exactly as the criteria of the risk of bias tool. A summary of risk of bias of all the six domains will be provided for each trial. We choose to consider sequence generation, allocation concealment and blinding as the key essential domains to score the overall quality of a trial. Discrepancies among the two reviewers (MC and QC) will be solved by discussion, or will be judged by a third reviewer (DH).

Statistical analysis {#s2g}
--------------------

The data for statistical analysis will be extracted into an Excel file. The primary outcome is continuous data, so we will calculate the effect size of the interventions using the standardised mean difference (SMD). For trials that present mean values of each time point, we will use the primary outcome adjusted by the baseline values. If the trials present the value of the primary outcome changing from baseline, we will calculate the SMD directly. We will calculate the 95% CI for each single SMD, and the results will be pooled using the random-effect model. The proportion of responders represents dichotomous data, so we will calculate the effect size using the relative ratio (RR). The RR and the 95% CI of each intervention will be calculated and pooled using the random-effect model.

The network meta-analysis will be conducted using the 'netmeta' package in the R software (<http://www.r-project.org/>), to combine direct and indirect evidence of interventions for migraine prophylaxis.[@R26] The package is developed on the basis of the frequentist method, using the graph-theoretical method developed according to the electrical network theory.[@R27] The first advantage of this method is that it can combine direct and indirect evidence in trials with more than two study arms. Multiarm studies are often included in a network meta-analysis. In these studies, the treatment effects on different comparisons are correlated, which is not fully addressed by the generalised linear mixed models[@R28] or the Bayesian Markov Chain Monte Carlo method[@R29] [@R30] that is commonly used for network meta-analysis. The 'netmeta' package accounts for the correlated treatment effects by reweighting all comparisons of each multiarm study. The second advantage of this method is that it provides solutions for testing the consistency of the network using Cochrane\'s Q statistics and finding out the reasons for the consistency by a net-heat plot. So we will use this method to address the consistency of the network. If the data are not suitable to carry out the synthesis, we will perform a descriptive review and summarise the evidence. The evidence strength will be assessed using the GRADE method generated by the Cochrane library. A funnel plot will be drawn to detect if there is any publication bias.

Dealing with missing data {#s2h}
-------------------------

There will be missing data in the trials that we included. We will first contact the authors to ask for original data by email or phone calls, if possible. If the original data are not available, we will try to calculate the data through the available coefficients; for example, we will calculate the SD from the 95% CI, p or t values. Imputations of the data will be tested in the following sensitivity analysis.

Subgroup analysis {#s2i}
-----------------

To address the potential heterogeneity and inconsistency across trials, we will perform a subgroup analysis. This include subtypes of migraine (migraine with aura, migraine without aura, menstrual-related migraine, chronic migraine), blinding method (open trial, single blind for participants, double blind for both participants and care providers), quality of evidence (high risk, unclear of the risk and low risk), duration of migraine and mean age of the participants. Assessment of migraine outcome is subjective, so we will consider the blinding method as the most important subgroup analysis. Meta-regression models will be used to quantify the difference between subgroups and test for statistical significance.

Sensitivity analysis {#s2j}
--------------------

Sensitivity analysis will be performed to first address whether the combined estimates of the interventions are dominated by one or several trials, especially those with a high risk of bias. Then we will exclude the trials to test the robustness of our study result. Second, we will test whether the imputation of the missing values affects the result of the meta-analysis. We will also test different coefficients that are used to impute the missing value; if both SE and 95% CI are available to calculate SD, we will test which is better.

Discussion {#s3}
==========

This network meta-analysis is expected to provide a ranking of the interventions from guideline recommendations for migraine prophylaxis, based on comparative effectiveness evidence. The migraine patients and their physicians could choose their best preferences, after considering the combined effect estimates, known side effects and the costs. We also hope that the result would be of interest to the policymakers of health insurance; this might help them to make a better choice of the interventions that should be covered by insurance.
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